Abstract
Introduction
Type 2 diabetes is a complex chronic illness that represents a major public health problem. Its prevalence is increasing dramatically in worldwide, together with its social and economic burden of long-term complications [1] . Due to the multifaceted nature of the diabetes-related management, numerous needs and demands are requisite of the patient and healthcare providers [2] . However, there is a substantial gap between ideal and actual care, and thus, the health outcomes of patients with type 2 diabetes are often inadequate [3] .
Faced with these emerging challenges, different intervention models have been developed considering the peculiarities of health systems and practice settings in order to improve the effectiveness of chronic care for diabetic patients [4, 5] . A meta-analysis [6] showed that changing the structure of the primary healthcare team (i.e., including a member beyond the primary physician, such as a pharmacist, where all professionals have an active participation in management of patients) is the most effective strategy for glycemic control, principally in clinical trials that enrolled patients with mean baseline levels of glycosylated hemoglobin (HbA1c) greater than 8.0%.
Pharmacists have expanded their services further than drug dispensing, and they often participate directly in the management of patients with the delivery of clinical services [7] . Such services are considered complex health interventions as they involve multiple interacting components that, isolated or in combination, generate the power of the intervention. Pharmacist interventions can differ in a number of ways concerning the labor process, such as the type of contact with the patient, recurrence of intervention and actions taken by the pharmacist to improve the use of medicines [8] . In addition, trials can differ about the study population, the outcomes measured, or other methodological features related to the conduct of primary studies [9] . In this context, interpreting and evaluating the usefulness of the available research evidence on pharmacist interventions can be a difficult task [8] .
The previous meta-analysis studies on the effect of pharmacist interventions on glycemic control in diabetic patients provide a pooled estimate based on a substantial statistical heterogeneity, usually without possible explanations for the variability across studies [10, 11] . As discussed by Pigott and Shepherd [12] , evaluating the effectiveness of a complex health intervention goes beyond asking whether it works. Instead, it is important to investigate how, why, when, under what circumstances, and under what conditions an intervention is more or less effective than others. In addition, studies with high heterogeneity, although they present robustness in sensitivity analyses, add little value to demonstrate the real effect of an intervention and represent a lower level of evidence [13] .
In a recent overview, we revealed that there is room for further improvements in a metaanalysis for HbA1c (the reporting and methodological quality were suboptimal) and that the sources of heterogeneity is an underexplored topic [14] . Thus, attempting to explain sources of heterogeneity can be important to overcome the limitations discussed here and to guide practitioners, researchers and policymakers in the design/planning of their actions to optimize care for patients with diabetes. The study aimed to update the evidence on the effect of pharmacist interventions on glycemic control in type 2 diabetic patients and to examine factors that may explain variation among randomized controlled trials (RCTs). For this analysis of heterogeneity, the narrative summary method was used in conjunction with subgroup analysis and metaregression.
Methods
The protocol of this systematic review has been registered on PROSPERO 2014 (registration number: CRD42014007457). This study was conducted and reported using the following checklists: AMSTAR (Assessment of Multiple Systematic Reviews) [15] and PRISMA Statement (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [16] (S1 Appendix).
Search strategy
A comprehensive literature search was performed in PubMed/Medline, Scopus, and Lilacs databases for randomized controlled trials (RCTs) published up to July 2015. The standardized search strategy included the use of MeSH terms or text words related to pharmacist interventions (pharmacists, pharmaceutical care, medication therapy management, pharmaceutical services); to the disease (diabetes, diabetes mellitus type 2, glycosylated hemoglobin, glycaemia, blood glucose, glycemi Ã ); and to clinical trials (randomized controlled trial, controlled clinical trial, random allocation). The full search strategy for the PubMed/Medline database can be found in S2 Appendix. In addition, we hand-searched references of all studies for which full texts were obtained.
Study selection
To be included in the data extraction process, the papers had to be 1) a RCT 2) published in English, Portuguese, or Spanish; 3) conducted in a community pharmacy, hospital, or primary care setting; 4) evaluated the effect of pharmacist interventions in clinical pharmacy services, defined as the activities in which the pharmacist performs a clinical decision-making process aimed at improving the patients' health outcomes; 5) on changes in HbA1c levels of adult outpatients with type 2 diabetes. Studies that included patients with type 1 diabetes or gestational diabetes, did not define the type of diabetes investigated, or included various chronic diseases but did not report distinct outcomes for the population of interest were excluded. In addition, for studies that published the same results for HbA1c in more than one article, only the first publication was considered.
pharmacist intervention effect was computed from the difference between the available mean values; SD of the change were calculated from 95% confidence intervals (CI) or standard errors (SE) or P value or interquartile ranges (IQR); or if such estimations were impossible, requested from the authors. In case of no response or unavailability of data, the studies were excluded from the meta-analysis.
Review methods
Two authors (P.M.A. and T.M.L.) independently screened the title and abstract of all tracked records to identify potentially relevant studies. The full-text articles were reviewed to determine if they met the prespecified inclusion criteria. Any disagreements were resolved by consensus through discussion.
Data extraction
Data extraction were performed independently by two researchers (P.M.A. with G.C.B. or T.M. L.) using a spreadsheet preformatted in Microsoft Excel. For each RCT, the investigators collected the following information: country and year of publication, sample size, sex and age of subjects, duration of diabetes, description of the intervention and control groups, outcomes measures, and main conclusions. The key components of pharmacist interventions were described based on some domains specified in the DEPICT 2 tool [17] , such as 1) type of contact with recipient-how the contact with the recipient occurs and communication method; 2) setting-where the recipient received the clinical pharmacy service; 3) action(s) taken by pharmacist-what is done to address the identified problems; 4) changes in therapy-whether the pharmacist has autonomy to change prescription medication; 5) materials that support action(s)-items developed or provided by pharmacist as part of the service; and 6) frequency of contacts-number of contacts with recipient during service and duration of intervention.
All data were displayed through a systematically structured table. According to Petticrew et al. [18] , this method can help the reviewer and reader to identify themes across identified studies and can facilitate the testing of prespecified theory by exploring similarities and differences among studies.
due to heterogeneity rather than chance, with values over 50% showing a substantial level of heterogeneity) [13] . Given the heterogeneity across studies, we decided to use the randomeffects meta-analysis model of DerSimonian and Laird.
In addition, subgroup analysis and univariate meta-regression for categorical and continuous covariates, respectively, were performed to explore heterogeneity among the primary studies. These covariates were a priori specified and described according to the framework proposed by Pigott et al. [12] for complex intervention: substantive features related to the context (geographical setting); to the target participants (sex and baseline HbA1c level); to the intervention (key components of pharmacist interventions); and to particulars of the methods and procedures used to conduct the study (random sequence generation).
Two sensitivity analyses verified whether the exclusion of low-quality studies (risk of bias total score < 3 points) and clinical trials with sample size smaller than 100 patients influenced the results. Publication bias was measured by a visual inspection the symmetry of funnel plot and Egger's regression test. The results of the meta-analysis and meta-regression were presented as a forest plot and bubble plot, respectively, with squares and circles representing the estimates from each study, sized according to the precision of each estimate. All analyses were executed using RStudio program 0.99.473 (RStudio, Boston, MA) with the packages "Meta" 4.3-0 (General Package for Meta-analysis) and "Metaphor" 1.9-7 (Meta-analysis Package for R).
Results

Search results
The reviewers initially identified 963 records from the databases, of which 30 RCTs met our inclusion criteria . A flowchart of the selection process of studies according to inclusion and exclusion criteria is shown in 
Characteristics of primary studies
The characteristics of the 30 RCTs included in the systematic review are showed in Table 1 . The majority of studies were conducted in North America (n = 13, with 12 in the United States). Sample size ranged from 39 to 360 patients, and approximately two-thirds of the RCTs had sample sizes >100. Most of the trials had a mean age !60 years (16/29, 56 .6%), and higher proportion of women (15/29, 51.7%). Just over half of the trials (17/30, 56.7%) reported the diabetes duration, and of these, 76.5% of the patients had been diagnosed with this disease for <10 years. Approximately two-thirds of the RCTs had baseline HbA1c levels <9%.
The assessment of the key components of pharmacist interventions showed that half of the trials were conducted in outpatient clinics of a hospital (50.0%); the contact with the patient often occurred individually (80.0%); and main communication method was face-to-face contact only (60.0%). The duration of the pharmacist interventions ranged from 1 to 13 months, with an average of 8.1 months. In addition, in half of the included studies the pharmacist had established regular (at least once a month) contact with the patient.
Most studies performed the medication review (25, 83.3%), and different terms to indicate this service were used, with "pharmaceutical care" the most frequent (10/25, 40.0%). In addition, most of the studies (15/25, 60%) did not describe clearly how the medication review process was performed, and when the term "drug-related problems" or similar was used, there was no explanation or reference to the classification of such problems (8/10, 80.0%).
Pharmacists have taken multifaceted actions to address the identified problems in the care of diabetic patients, including educating patients (concerning diabetes, lifestyle, and self-monitoring) or providing medication counseling (100.0%); sending suggestions or recommendations to the physician regarding changes in medication (46.7%); adjusting pharmacotherapy on the basis of protocols previously established in collaboration with the healthcare team (23.3%); and referring patients to other heath professional (e.g., dentist) (16.7%). To support their actions, pharmacists frequently provided educational material (50.0%) and diabetes self-management diaries (23.3%) to their patients.
In general, the control group received usual care, although some were also given access to educational programs or a free blood glucose monitor. Usual care was defined differently among the studies as the normally received care from a general practitioner and sometimes from other healthcare professionals (e.g., nurses). In addition to HbA1c values, the clinical outcomes measured most frequently were blood pressure (63.3%), low-density lipoprotein cholesterol (53.3%), and fasting blood glucose (46.7%); quality of life was evaluated as the main humanistic outcome (33.3%), whereas diabetes self-care activities were measured most frequently as a process indicator (26.7%).
Risk of bias
The studies showed a variable methodological quality based on assessment using the Cochrane Risk of Bias Tool (S4 Appendix). The allocation sequence was adequately reported in 53.3% of the studies (16/30) , and random number tables or a computer-generated randomized list were the most commonly used methods. Most RCTs (25/30) did not describe at all or did not described in sufficient detail the allocation concealment to allow a judgment. None of the trials 1) Individual face-to-face contact plus remote contact; 2) Community pharmacy; 3) Provided patient education on diet management, physical activity and diabetes complications; counseling on selfmonitoring and medication adherence; performed medication review and referred to the physician whenever a drug therapy modification was required; 4) No autonomy to change prescription medication; 5) Blood glucose selfmonitoring device and test strips, special logbook and educational pamphlets for the diabetes medications; 6) Five follow-up visits (once a month) plus telephone call between visits / 5 months Received usual care from the physician. The end of the study the community pharmacist provided a brief education on diabetes self-care
HbA1c; BP; medication adherence; diabetes self-care activity; BMI; satisfaction * Population reported as intervention group, control group. If not available, the data of the total population will be presented. ** Description based on the DEPICT tool: 1) Type of contact with the patient; 2) Setting; 3) Action taken by pharmacist to address the identified problems; 4) Pharmacist's autonomy to change prescription medication; 5) Support resources provided by pharmacist; and 6) Frequency /duration of intervention. *** With restrictions.
RCT-randomized controlled trial; USA-United States of America; DM-diabetes mellitus; HbA1c-glycosylated hemoglobin; BP-blood pressure; QoL -quality of life; BMI-body mass index; CDH-coronary heart disease; NR-not reported.
doi:10.1371/journal.pone.0150999.t001
blinded participants and personnel to pharmacist intervention, and only four of them reported that the outcome assessment was executed by an assessor blinded to treatment assignment.
Half of the studies were unclear or had some incomplete data for HbA1c (e.g., no reasons provided for missing data or the reason for missing outcome data was likely related to the HbA1c test with imbalances across groups). Only one study indicated the existence of a protocol and all pre-specified outcomes have been reported; in addition, the majority of trials provided insufficient information to permit judgment. Less than half of the analyzed studies (12/ 30) were not free of other bias (e.g., baseline imbalance in population characteristics). Thus, only 12 trials met the criterion of a quality score of at least 3 and could be classified as good quality.
Meta-analysis for HbA1c
Of 30 RCTs from the systematic review, only 20 adequately reported the outcome of interest. Therefore, the authors of the other trials were contacted to obtain additional unpublished data; two of them sent information that allowed calculation of the missing data. Finally, 22 studies were included in this meta-analysis on the effect of pharmacist health interventions in glycemic control in patients with type 2 diabetes. The pooled effect estimate was significant (see Fig 2) , with a uniform direction of effect in favor of pharmacist intervention (mean difference for HbA1c of -0.85% [95% CI: -1.06, -0.65]; P < 0.0001); heterogeneity was significant (P < 0.0001) and considerable (I 2 = 67.3%). To explore this heterogeneity across included studies, we performed subgroup analysis and meta-regression.
Subgroup and meta-regression analyses
Subgroup analysis identified no significant difference in the reduction in HbA1c levels according to the country where the study was conducted, type of contact with the patient, whether a medication review was performed; autonomy of the pharmacist to change drug therapy, provision of support resources, frequency of intervention, and adequate random allocation ( Table 2 ). The effect on HbA1c levels tended to be more important if the pharmacist interventions were conducted in other outpatient settings compared with a community pharmacy, although the analysis identified no significant difference (-0.98% vs. -0.65%; P = 0.08). The main result favoring the intervention group were seen when these trials involved patients with mean baseline HbA1c values > 9.0% compared with values 9% (-1.18% vs. -0.63%; P = 0.007). Furthermore, we observed statistical heterogeneity unimportant (0% to 40%) and non-significant (P > 0.10) in the studies with the following characteristics: conducted in the United States; patients with HbA1c baseline levels 9%; conducted in a community pharmacy; no support material provided by pharmacist; pharmacist with autonomy to adjust the prescription medication; frequency of interventions more than once a month; and adequate random allocation ( Table 2) .
The meta-regression indicated no association between the mean difference in HbA1c levels and duration of follow-up (Fig 3A; P = 0.952) or proportion of men among those RCTs examined (Fig 3B; P = 0.136) . In contrast, we observed that mean differences in HbA1c levels decreased with increasing age (regression coefficient: 0.05 [95% IC: 0.01, 0.08]; p = 0.0085) (Fig  3C) , and this variate explained 48.81% of the heterogeneity across studies (residual I 2 = 50.1%; P = 0.0048). Finally, we found that mean differences in HbA1c levels increased with higher baseline HbA1c (regression coefficient: -0.23 [95% IC: -0.40, -0.06]; p = 0.0089) (Fig 3D) , and this variate explained 32.47% of the heterogeneity in the effect on HbA1c (residual I 2 = 57.5%; P = 0.0006).
Sensitivity analysis
After excluding 12 low-quality studies (i.e., risk of bias score < 3 points using the Cochrane Risk of Bias Tool), we still noted statistically significant reductions in HbA1c levels with pharmacist intervention (mean difference for HbA1c of -1.05% [95% CI: -1.27, -0.82]; P < 0.0001), but with no heterogeneity across the RCTs. The next sensitivity analysis was limited to the 13 trials with sample size !100 patients, and similar reductions in HbA1c levels were observed in the intervention groups (-0.99% [95% CI: -1.25, -0.72]; P < 0.0001; I 2 = 74.9%).
Publication bias
No publication bias was detected in the current meta-analysis as can be seen by the symmetry of the funnel plot (S5 Appendix) and no significant result by the Egger's test (t = -1.03, df = 20, p = 0.3171).
Discussion
In consonance with two previous meta-analyses on this theme [10, 11] , our meta-analysis showed that pharmacist interventions have positive effects on reducing HbA1c levels in outpatients with type 2 diabetic. The detected effect (-0.85% in HbA1c levels) is notably relevant since that reductions in glycemic levels by 0.5% are associated with significant declines in diabetes-related endpoints and microvascular complications [49] . Added to this, a current systematic review [50] identified that pharmacist interventions are cost-saving because, although they increase medication costs, the medical costs (e.g. hospitalization and emergency department costs) are greatly decreased. Considering the escalating healthcare expenditures due to the inadequate diabetes management, the restructuring of health systems with expansion or revision of the pharmacist's role can be an important strategy in addressing this challenge. The included RCTs in this review presented high methodological and clinical heterogeneity, which produced substantial statistical heterogeneity in the effect estimate for HbA1c levels. Different geographical settings may have influenced this finding. Most studies were conducted in the United States, which confirms the pioneering role of this country on this practice [51] and may indicate a higher level of implementation of clinical pharmacist services. Thus, not surprisingly, all RCTs where the pharmacist had autonomy to change prescription medication were conducted in this country. Although these subgroups were not associated with better glycemic control in analyses, studies from the United States and studies whose pharmacist had autonomy to adjust the drug therapy showed greater homogeneity.
In our meta-analysis the effect size on HbA1c levels was inversely associated with age, probably because a less stringent glycemic control may be required for the elderly individual, depending on their health status [52] . In addition, we observed that pharmacist health interventions were more effective for patients with poor glycemic control, which is consistent with current meta-analyses on others intervention strategies for patients with diabetes [8, 53] . The baseline characteristics of the participants may be potential sources of heterogeneity between trials [12] . Although the variables age and baseline HbA1c levels have explained part of the statistic heterogeneity, the residual heterogeneity remained equal to or above 50%. The studies were principally conducted in outpatient clinics where pharmacists commonly worked collaboratively with the medical staff and discussed face-to-face on drug therapy problems. According to Van et al [54] , the level of trust and cooperation of the physicians seems to be higher in this setting compared with a community pharmacy, where contacts are usually not personal and occur at a distance. Moreover, a pharmacist running a diabetes outpatient clinic may have a different level of knowledge, skills and experience in the condition and its management to a community pharmacist conducting a medication review [55] . Despite the trend towards greater reduction in HbA1c levels in a non-community pharmacy setting, trials vary widely in relation to pharmacist health interventions and population characteristics, generating results based on substantial statistical heterogeneity.
Among the key components of pharmacist interventions, the level of pharmacist-patient interaction presented great variability across studies. This finding may reflect the need to develop clinical pharmacy services adapted to the context reality, but also the uncertainty about which of the options could be more effective. Although increasing evidence indicates that telephone interventions are effective for glycemic control in patients with diabetes [56] , our meta-analysis found no difference in effect compared with studies that performed face-toface contact only. Furthermore, the duration of pharmacist intervention was not associated with change in HbA1c levels, contrary to a recent systematic review on patient activation interventions that showed the greatest improvements in HbA1c levels with a longer study duration [53] .
Although most of the RCTs claimed to perform a medication review, there were poor descriptions of the methods used by the pharmacist, and among those that were described clearly, various aspects of the medication review process were assessed (drug selection or effectiveness or safety of medications). This may hinder understanding of the real power of medication review in subgroup analysis and lead to misinterpretation when comparing the results of different studies. In addition, a systematic review showed that the poor descriptions of pharmacist health interventions made the implementation of services developed for clinical practice difficult, which reinforces the need for clear and thorough reporting of these interventions [57] .
All RCTs in this systematic review performed patient education that was similar about the content addressed, mainly in relation to diabetes complications, blood glucose monitoring and healthy lifestyle. However, there were differences or poor descriptions regarding the educational program structure and supporting materials offered to patients. Combined with health education delivered verbally, support material provides greater potential improvements in health outcomes [58, 59] ; despite that, the results of this meta-analysis showed similar effects and high heterogeneity with respect to the provision of supporting materials.
Although this study includes only RCTs, which are considered the gold standard for evidence-based health practice, methodological problems were recurrent, resulting in low-quality studies. Most RCTs did not clearly describe the allocation concealment, blinding, and reporting of selective outcome. On the other hand, the method of sequence generation was the item most usually reported. We note that whereas adequate random allocation or higher quality of the studies did not influence the effect of the pharmacist interventions on the reducing HbA1c levels, the heterogeneity of these studies was very low.
Finally, we believe that this systematic review constitutes a valuable addition to research and practice on pharmacist health interventions in patients with type 2 diabetes. Our findings provide insights into how and how much the pharmacist can contribute in reducing HbA1c levels. Potential sources of clinical, methodological, and statistical heterogeneity and complex intervention components that could influence the glycemic control (age, baseline HbA1c levels, and setting) were identified. In addition, our results point out the need for greater study design quality as well as a more detailed description of pharmacist interventions in future RCTs, so that meta-analysis studies can provide more robust results to guide the direction of pharmacist practice in the management of diabetes.
Strengths and limitations
Our systematic review with meta-analysis made an active effort to overcome the identified gaps in an overview of pharmacist interventions for patients with diabetes [14] , such as improving the quality of the evidence using PRISMA and AMSTAR tools and exploring heterogeneity by subgroup and meta-regression analyses. However, some limitations should be noted. As the literature search included only published articles, it is possible that studies with negative results were not caught; but it is worth mentioning that there was no observable publication bias in our metaanalysis. Secondly, the care received by the intervention and control groups was often poorly described, making it difficult to map the components of the pharmacist interventions and measure their actual effects. Finally, risk of bias in individual trials was poorly reported.
Conclusions
Our findings confirmed that pharmacist interventions improve glycemic control in type 2 diabetes patients compared with usual care. Subgroup analyses showed greater homogeneity between RCTs conducted in the United States, with baseline HbA1c 9%, in community pharmacy setting, whose interventions are conducted at least monthly, and with adequate sequence generation; and covariates age and HbA1c levels partly explain the heterogeneity by meta-regression. In addition, our analyses suggest that younger patients or with higher baseline HbA1c levels may be the main beneficiaries of pharmacist care. 
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